We consider tan β-enhanced quantum effects in the minimal supersymmetric standard model (MSSM) including those from the Higgs sector. To this end, we match the MSSM to an effective two-Higgs doublet model (2HDM), assuming that all SUSY particles are heavy, and calculate the coefficients of the operators that vanish or are suppressed in the MSSM at tree-level. Our result clarifies the dependence of the large-tan β resummation on the renormalization convention for tan β, and provides analytic expressions for the Yukawa and trilinear Higgs interactions. The numerical effect is analyzed by means of a parameter scan, and we find that the Higgs-sector effects, where present, are typically larger than those from the "wrong-Higgs" Yukawa couplings in the 2HDM.
Introduction
It is well-known that loop effects in the minimal supersymmetric extension of the standard model (MSSM) can become large when the ratio tan β = v u /v d of the two Higgs vacuum expectation values is sizeable. An important example is the Higgs coupling to bottom quarks, Hbb [1, 2] . In the limit of heavy superpartner particle masses, the relevant couplings are [3] 
This includes a coupling δỹ b to the "wrong" Higgs doublet, which is forbidden by supersymmetry at tree level. The quantity δỹ b is an ordinary one-loop effect and not enhanced in any way. However, due to the large ratio of vacuum expectation values (vevs) the bottom quark mass
receives large tan β-enhanced corrections to its tree-level value m (0) b = y b v d [4] . So does the Hbb coupling, when y b is eliminated in favour of m b as is usually done. In general, while the loop effect is not large by itself, it provides large corrections to couplings or observables, which are suppressed by the small vacuum expectation value v d or which vanish at tree level. This type of relative enhancement is clearly a one-loop effect, which does not repeat itself in higher loop orders.
Here we investigate other effects of this type from the Higgs sector, where loop effects can lead to a mixing of the H u and H * d fields through two-and four-point interactions, which indirectly modify the Yukawa couplings to the physical Higgs bosons. We also address the issue of renormalization conventions for tan β and their stability against radiative corrections, as investigated in a numerical approach in [5, 6] . The indirect effects from the Higgs sector have not been considered explicitly in the literature, although our results are implicit in one-loop calculations of MSSM Higgs decay rates [1, 2] . However, these calculations are usually available only in numerical form. Having simple analytic expressions at hand is often useful to acquire a better understanding of parameter dependences, especially for the MSSM with its large parameter space. Higgs-sector effects from two-point interactions have been considered recently in [7] , while their consequences for BB mixing are discussed in [8] .
The theoretical issues can be exposed most clearly in the decoupling limit, assuming that all superpartner particles are heavy, of order M SUSY , while the standard model (SM) particles together with all five physical Higgs bosons are light, at most O(M EW ), the electroweak scale. In practice, the decoupling limit may be a good approximation for M SUSY as small as a few hundred GeV. The assumed hierarchy implies a certain amount of fine-tuning, since the soft SUSY breaking parameters and the µ parameter must be O(M SUSY ), whilem 
The conventions are as follows: the antisymmetric 2×2 matrix ǫ is defined with ǫ 12 = −1.
The hypercharge U(1) Y and SU(2) couplings are g 1 and g 2 , respectively. The quark fields are Q α = (t Lα , b Lα )
α , where α = 1, 2 denotes a Weyl spinor index. For the Higgs doublets we also use the notation Φ 1 = H d , Φ 2 = H C u = ǫH * u , such that Φ 1 and Φ 2 both have hypercharge −1/2. Our MSSM conventions follow [9] . It appears to be contrary to the spirit of interpreting the MSSM as the highscale theory and the 2HDM as the low-energy effective theory to introduce the vevs as MSSM parameters, since the vevs should be found a posteriori by minimizing the 2HDM effective potential. However, since we wish to use standard MSSM renormalization conventions, and moreover introduce tan β as one of the MSSM parameters, we substitute
in the Lagrangian (3). In this way, after further fixing the renormalization convention, the parameter tan β = v u /v d is well-defined, contrary to the general 2HDM, where tan β
Employing tan β = v u /v d , the one-loop relation
follows. Similarly, one obtains a set of equations relating the shifts of all parameters of the second set to those of the first.
We do not need to discuss the renormalization of superpartner masses and the A and µ terms, since these occur only in loops. In a one-loop calculation, it is sufficient to know these parameters at tree-level. Other SM parameters like the strong coupling or CKM matrix play no role here. For the subsequent discussion of tan β-enhanced terms field renormalization in the MSSM can also be ignored. Thus, we shall not introduce renormalization factors Z u,d for the SU(2)-doublet fields. The divergent parts of the vev counterterms ∆v u,d are identical to those in Z u,d , since the theory in the broken phase can be rendered finite by the same counterterms as the unbroken theory before the shift (4). Thus, when we ignore field renormalization, we should formally consider ∆v u,d and consequently ∆t β as finite quantities, which indeed they are in the largetan β approximation, whose values are nevertheless fixed by the imposed renormalization conventions. † 1 Qt − δỹ τ Φ 2 ǫLτ + h.c. neglecting operators with dimension higher than four. The last line equals
in terms of the H u,d fields, so the Yukawa couplings take their standard form. Since we assumed CP conservation in the MSSM, the matrices Z ab , m 2 ab (a, b = 1, 2) and the couplings λ i are real. Note that the kinetic terms of the Higgs fields are not yet canonical, because we match 1PI Green functions. The kinetic terms of the fermions can be disregarded, since their renormalization is an ordinary one-loop correction to an unsuppressed tree term. At tree-level In the following the one-loop corrections to the couplings that vanish or are small at tree-level are of particular interest: δZ 12 ≡ z 12 , δm 2 12 , δλ 5, 6, 7 , and δỹ b,t,τ . The result of the calculation is summarized in the next section.
One-loop results
All matching calculations are performed in the SU(2)×U(1) Y symmetric "phase" of the MSSM. The couplings z 12 and m 2 12 follow from an expansion of the off-diagonal H u H d two-point function in its external momentum. The relevant one-loop diagrams with heavy superpartner particles in the loop are shown in Figure 1 . For the kinetic-mixing term we find
For the off-diagonal mass term, we write m
heavy and obtain for δb the expression (11) with the replacement H 2 (m 1 , m 2 ) → −I 2 (m 1 , m 2 ), where
and x ≡ m . The counterterm contribution is the difference between the MSSM and the 2HDM counterterm, which survives the matching relation, and cancels the singularity in the heavy-particle loops. In the following we shall drop the label "heavy" in the counterterm contributions. We remark that we have kept complex conjugation on the µ and A parameters, where required, if they were complex. However, by our assumption of CP-conservation, µ and A t,b,τ are real. Here and below the masses that enter the arguments of the loop functions are the gaugino and sfermion mass parameters in the soft supersymmetry-breaking part of the MSSM Lagrangian and not the physical mass parameters. The physical masses receive additional contributions at tree level proportional to the vevs v u,d from electroweak symmetry breaking, which are of higher order in the M EW /M SUSY expansion.
For the four-point Higgs couplings λ 5,6,7 , which vanish at tree level, we obtain the ultraviolet-finite one-loop expressions
The diagrams relevant for the computation of δλ 7 are shown in Figure 2 . The loop functions read 
where
The expression for δỹ b agrees with the well-known result for the tan β-enhanced correction to the bottom quark mass [3, 4] , when the bino contribution and terms of order M EW /M SUSY are neglected. Our full results for δỹ b /y b and δỹ t /y t agree with the expressions for the correspondent quantities [7] , which were written in terms of the rescaled A-parameters, A b,t → y b,t A b,t . Our result for δλ 5 agrees with [8] , where the bino contributions have been neglected.
It is no surprise that the one-loop effects of interest are all proportional to the µ-parameter, since the off-diagonal two-point terms and the λ 5,6,7 couplings are protected by a U(1) PQ symmetry that is broken in the MSSM only by the µ and b term [4] . Note that the quantum correction to m ) parameter was assumed to be of order M 2 EW / tan β. Thus, the large-tan β scenario requires more severe fine-tuning (by a factor of tan β) than the one to maintain the "little hierarchy" M EW ≪ M SUSY . It therefore appears less natural in this respect than the generic MSSM.
Higgs couplings
We are now ready to derive the one-loop corrected Higgs couplings, which are tan β-enhanced relative to their tree-level expressions. For any quantity G we can write its NLO MSSM expression as
where G heavy is the contribution from the scale M SUSY , in practice from loops containing SUSY particles including the corresponding counterterms, and G light the remaining contribution from the electroweak scale (standard model particles and Higgses). We will be interested only in effective interactions that vanish or are suppressed at tree-level by a factor of tan β relative to their natural size, and we shall compute them at one loop only at leading order in 1/ tan β. In this case G light is suppressed relative to G heavy and can be set to zero. This can be understood from the fact that these interactions are protected by the PQ-symmetry mentioned above. This symmetry is broken strongly by the µ parameter that enters the high-scale contributions G heavy , but only weakly in the low-energy contributions by the small b (or rather m On the other hand, the contribution G heavy from the superpartner particle loops is already encoded in the effective couplings of the 2HDM (9). We therefore conclude that the leading one-loop contributions to the tree-suppressed Higgs couplings in the MSSM are simply obtained by computing the physical Higgs fields with the general tree-level 2HDM Lagrangian (9) . Subsequently, the specific expressions for the couplings z 12 , m 2 12 , δλ 5, 6, 7 , and δỹ b,t,τ given in the previous section are inserted.
Vacuum expectation value v d
We first derive a relation between the shift (counterterm) of the vev v d and tan β and the MSSM parameter b, which feeds into all other Higgs couplings. The tadpole counterterm is determined by requiring that the one-loop H d tadpole (1PI one-point function) vanishes:
The tadpole coupling t d is given by (6) and set to zero by our renormalization convention. The tadpole counterterm in terms of the shifts of the vevs is also obtained from (6) and given by
The (unrenormalized) SUSY loop contribution to Γ H d follows from the linear term in the 2HDM Lagrangian (9) after shifting the neutral Higgs fields by the vevs, which leads to
where δm 2 11 , δλ 1−4 denote the SUSY loop contributions to the corresponding 2HDM parameters, which, however, will not be needed later on. The low-energy contributions can be neglected, as explained above, so the desired relation for ∆v d follows from
This condition simplifies in the large-tan β limit.
The second approximation uses
which follow from inverting (6) for the renormalized parameters together with
Solving for ∆v d results in
We see that unless the counterterm ∆b is fine-tuned the shift of the vev is of order M 2 SUSY /M EW , which is very large relative to its assumed value of order M EW / tan β. As discussed above, the shift of the vev is a finite quantity at leading order in large tan β, since ∆b cancels the divergences in δb. Similar statements now apply to the shift of tan β. Inserting (32) into (8), we find
The Higgs masses themselves receive no tan β-enhanced one-loop corrections, so M A corresponds to the physical mass of the CP-odd Higgs boson even at the one-loop level in our approximations.
Renormalization of tan β
Contrary to the other parameters of the second set, there is no natural renormalization convention for the parameter tan β. Gauge-independence and numerical stability of various schemes have been investigated in [5, 6] . Quite generally, we expect problems with stability of observables against adding perturbative corrections, if the finite part of a counterterm is large, since this leads to a large shift between the tree-level and one-loop corrected values of parameters and large counterterm contributions to observables. From (33) we conclude that tan β receives large relative corrections, i.e. ∆t β / tan β ∝ tan β, unless
Some of the stability features at large tan β discussed in [5, 6] can be understood on the basis of this equation. The DR scheme for tan β has ∆t β = 0 by definition and fulfills (34) as does the DCPR definition [11, 12] , for which ∆t β / tan β ∝ 1. Indeed, these two schemes were found to exhibit good stability. On the other hand, the m 3 -scheme (DR for the b parameter), implies 
Physical Higgs fields
To determine the physical Higgs fields, we first bring the kinetic terms of the 2HDM (9) into canonical form by a field redefinition. This is not necessary to determine the Higgs masses, which receive no tan β-enhanced corrections, since there are no tree-level suppressions, or observables that involve only highly virtual internal Higgs lines, as for instance in low-energy flavour physics. The latter statement can be illustrated with the help of Figure 3 , representing part of a diagram with an internal Higgs propagator. The expression for this diagram using the Lagrangian (9) is V †
where the propagator is a 2 × 2 matrix in Higgs doublet space. In low-energy scattering the momentum transfer satisfies q 2 ≪ m 2 , so the term involving the kinetic-mixing matrix Z ab in the 2HDM Lagrangian drops out at leading order in the low-energy expansion, and cannot affect physical observables. If one performs a field rotation to diagonalize Z ab , the rotation affects the vertices V a and mass matrix m 2 ab in such a way, that once again the effect disappears at leading order in q 2 /m 2 . However, in this paper our aim is to calculate the couplings of on-shell Higgs bosons (q 2 ∼ m 2 ) to quarks and the Higgs fields themselves, relevant to Higgs production and decay, so we need the fields corresponding to the physical states.
The field redefinition that diagonalizes the kinetic terms (and includes the shift of the fields by the vevs (4)) is
where z ab is the one-loop correction to Z ab , and we used that the hermitian matrix Z ab is also symmetric due to CP-conservation. The diagonal coefficients z 11 , z 22 can be set to zero, since they are ordinary one-loop corrections to a non-vanishing tree term. The interesting terms are those that mix H d with the complex conjugate of H u . The arbitrary quantity a parameterizes a real field rotation in (Φ 1 , Φ 2 ) space, which preserves the diagonal form of the kinetic term. We could set a = 0, but prefer to keep it to demonstrate explicitly the independence of physical quantities on a below. Note that we do not rotate the fields and then shift them by the vevs, since the vevs (and tan β) have been defined as parameters of the MSSM Lagrangian before matching to the 2HDM. After substituting (36) into (9), we perform a unitary (in fact orthogonal, on account of CP-conservation) field rotation to diagonalize the Higgs mass matrix. The transformation to the physical Higgs fields h 0 , H 0 , A 0 , H ± , including the pseudo-Goldstone fields
where δs β , δc β , δs α , δc α parameterize the correction to the corresponding MSSM treelevel rotation, and we use the conventional notation s φ ≡ sin φ, c φ ≡ cos φ. We already incorporated here that the correction δc β to the tree-level mixing matrix turns out to be the same for the CP-odd and the charged Higgs fields. The mixing angle α is given by
The correction terms δs β , δc β are of the size of an ordinary loop correction, and hence relevant only if the corresponding tree contribution is suppressed. This is the case for the off-diagonal elements, since c β ∝ 1/ tan β. We therefore neglect the δs β terms relative to s β ≈ 1. For the off-diagonal correction we obtain
The second term vanishes in "good" renormalization schemes.
In determining the correction to α, the cases M A > M Z and M Z > M A should be distinguished. In the following we discuss explicitly only the case M A > M Z . The other case follows roughly (that is, up to some signs) from interchanging h 0 and H 0 . For large tan β we have tan 2β ≈ −2/ tan β, so (38) implies that either c α or s α is small, unless M A is very close to M Z to compensate the tan β suppression. For M A > M Z the relevant case is s α small and negative and c α near 1. The correction to tan 2α is (valid for both cases M A > M Z , and M A < M Z )
For M A > M Z we have δs α = 1 2 δt 2α , δc α ≈ 0 (relative to c α ≈ 1). The field redefinitions that lead to the mass eigenstates therefore read
We briefly comment on the case M A = M Z , since (40) appears to be singular for this parameter input. The masses used here are tree-level masses, since we keep loop corrections only when they are enhanced by tan β relative to the tree term. When M A = M Z the CP-even Higgs bosons h 0 , H 0 are mass-degenerate and in fact physically indistinguishable. Eq. (40) is derived under the assumption that the difference between the diagonal elements of the neutral Higgs boson mass matrix is not small. Otherwise one must keep the one-loop correction to the diagonal elements in the calculation of δt 2α , and the approximation discussed here cannot be used. Thus the resonant enhancement in (40) is a real effect as long as M 
Yukawa couplings
The Yukawa couplings and quark mass terms follow from inserting (41) into (9) . The bottom mass term is of special interest. The relevant bilinear terms are
The physical (pole) quark mass m b is obtained from this mass term plus low-energy selfenergy contributions calculated in the 2HDM. As before we keep one-loop corrections only when they are enhanced relative to the tree expressions. This allows us to neglect the low-energy contributions (see [13, 14] for the standard model electroweak loops) as well as ∆v u , and δy b in (42). ∆y b is the counterterm that cancels the divergences from superpartner loops in δy b . The finite part of ∆y b defines the relation between the physical bottom quark mass and the renormalized Yukawa coupling y b . There is no reason to artificially define this finite part to be parametrically larger than the one of δy b , so we may drop ∆y b as well. Introducing the definitions
we obtain the mass terms
with
Note that we do not expand in ∆t β , since according to (33) it counts as a tan β-enhanced loop correction relative to tan β, just as ǫ b tan β does relative to 1. No such enhancements are present for the top quark mass, which retains its tree expression. The expression for m τ is obtained from the one for m b by replacing (y b , ǫ b ) → (y τ , ǫ τ ). Solving (45) for y b and eliminating y b,t by m b,t , as it is conventionally done, we obtain the Higgs-Yukawa interactions
where as before we neglect ordinary one-loop corrections relative to unsuppressed tree terms, and the τ Yukawa couplings are given by the bottom ones after replacing all bottom parameters and fields by the corresponding expressions for tau. Several comments can be made. First, the explicit dependence on the arbitrary parameter a cancels with the implicit dependence in (39), (40). Second, our result is independent on the renormalization convention for tan β. A change of renormalization prescription is effected by a change in the finite part of ∆t β , or (33) ∆v d , or (32) ∆b. From (39), (40), we therefore find that
are invariant under a change of renormalization prescription that contains only tan β-enhanced one-loop terms.
Eq. (46) shows that a resummation of tan β-enhanced terms is necessary only in the overall factor multiplying the bottom (and tau) Yukawa couplings [3] , where the need for resummation arises from using the quark (lepton) mass as a parameter rather than the MSSM Yukawa coupling. All of the Yukawa couplings which are tan β-suppressed at tree-level receive unsuppressed loop corrections, which are incorporated in (46) through the "wrong-Higgs" Yukawa couplings ǫ t,b,τ , and the quantities δc β , δs α , z 12 from the oneloop effects in the Higgs sector. The loop-induced couplings may well exceed the tree terms, if tan β is large.
To compare our result with previous results in the literature, see Eq. (21) in [3] , we consider the bottom quark coupling to the lightest Higgs boson h 0 , which is the product of two factors
With respect to the first factor, note that we do not discuss logarithmic one-loop effects, and hence do not distinguish the physical quark mass m b from the running MS quark mass m b (Q) used in [3] . In reality, renormalization group evolution from m b to the electroweak scale is an important effect that should be taken into account as done in [3] . The main difference in the first factor constitutes the presence of the (finite) counterterm ∆t β , which must not be neglected in general, and which renders the resummed result manifestly scheme-independent. This clarifies that the previously known result where ∆t β = 0, is only valid in "good" renormalization schemes (34) where the one-loop shift of tan β is not itself tan β-enhanced, as also observed recently in the related context of the muon Yukawa coupling [15] . The resummation formula from [3] without the counterterm contribution should not be used in other schemes, for which ∆t β is an important correction in the first factor. Using s β ≈ 1 in the one-loop corrections, and (33), (40), the second factor can be rewritten as
The first two terms reproduce the corresponding result in [3] , but the Higgs-sector effects embodied in the last three terms have not been included there. Higgs-sector effects related to kinetic mixing have recently been computed in [7] . The DR scheme for tan β is assumed there, hence the last term involving δb + ∆b + δλ 7 v 2 ∝ ∆t β = 0 vanishes. We find several discrepancies in the comparison with [7] . The third term proportional to z 12 would be consistent with the result of [7] if z 12 = ǫ GP , but our result for z 12 in (11) gives z 12 = −ǫ GP . We also find that the corrections to thet L t R H 0 coupling are not included in [7] . The most important difference is that the fourth term involving δλ 7 is missed, since it is assumed that Higgs-sector effects arise only from kinetic mixing, and not (also) from the Higgs self-couplings. The large quantum correction to the tree-level suppressed charged Higgst R b L H + coupling is present in the discussion of the b → sγ transition in [16, 17] . These papers account for the gluino contribution to ǫ t . The Higgs-sector terms involving δc β and z 12 are again not considered.
More precisely, in the expression for the third term proportional to z 12 Ref. [7] has
The two expressions are consistent with each other, since in the one-loop correction we may use the large-tan β limits of the tree-level mass relations, which give M h 0 = M Z , and M H 0 = M A . In reality, the Higgs masses must receive large quantum corrections to satisfy experimental limits, which are not included in our equations, since they are not tan β-enhanced. Since the apparent singularity for M A = M Z arises from the degeneracy of the two CP-even Higgs bosons, as discussed above, it is plausible that M 
Higgs self-couplings
The Higgs self-couplings are obtained in the same straightforward fashion. Here we focus on the trilinear couplings, since the quartic self-interactions with coefficients induced by quantum effects will be too small to be measured in any foreseeable experiment. The detection of tan β-or loop-suppressed trilinear couplings provides a challenge even to the ILC (see, e.g., [18] ).
The Lagrangian for the trilinear couplings
consists of a piece L HHH, large involving interactions that do not vanish at tree level when tan β → ∞, and another piece L HHH, small with interactions that do. The tree-level couplings in the MSSM are standard and will not be repeated here. We find a compact expression for the tan β-enhanced one-loop corrections relative to the small tree-level interactions in L HHH, small , applicable to the case M A > M Z :
Numerical estimates
In this section we present numerical estimates of the Higgs-sector corrections by evaluating them for degenerate SUSY masses, and by performing a random parameter space scan. We are especially interested in comparing the new Higgs-sector effects to the known one-loop induced "wrong-Higgs" Yukawa couplings.
Degenerate SUSY masses
We begin the analysis of the size of the new terms in the Yukawa couplings relative to ǫ b,t by assuming that all SUSY parameters are equal to a common mass scale M SUSY and by allowing for arbitrary signs in the µ and A parameters, but not the gaugino masses. In the following we give analytic results for ǫ b,t,τ and the quantities z 12 and δλ 5−7 , which determine the Higgs-sector corrections to the Yukawa couplings and the Higgs self-couplings, and numerical results to judge the importance of individual terms. To make contact with the literature, we introduce the rescaled A parameters A by A i = y i A i . In units of sgn(µ)/(96π 2 ), we find
for the "wrong-Higgs" Yukawa couplings, and Since ǫ b is nearly independent of tan β for tan β ≫ 1, we show the tan β dependence of the ratios z 12 /ǫ b and δλ 5−7 /ǫ b from (53), (54) in Figure 4 for different choices of the signs of the A-parameters. The slepton terms give a negligible contribution except for z 12 at very large values of tan β, so we always set the sign of A τ to +1. For tan β smaller than 20 -30 the value of z 12 , δλ 5−7 is determined by the A t terms and the gaugino contributions. For δλ 7 , in particular, which feeds into the Yukawa couplings, the terms proportional to A t give by far the largest contributions, while the effect of A b becomes relevant for very large tan β values, reaching up to a 20% contribution. On the other hand we observe from the plots that the A b terms and a change in the sign of A b has a large effect on δλ 6 , which is driven by the sgn( A b )/c 4 β term in (54) with its sizeable coefficient. In general, under the assumption of a common mass scale for all SUSY parameters, we thus conclude that the quantities z 12 , δλ 5, 6 and particularly δλ 7 are comparable in size with the "wrong-Higgs" couplings ǫ b,t even though they do not receive gluino contributions. Note that |δλ 7 | is larger than |ǫ b,t | for all choices of signs of the A t,b .
Estimates using random parameter-space sampling
We now investigate in more detail the size of the Higgs one-loop corrections to the Yukawa interactions relative to ǫ b,t for different SUSY parameter input. We consider good renormalization schemes for tan β, i.e. schemes satisfying δb + ∆b + δλ 7 v 2 = 0 in the large-tan β limit, in which case the two relevant corrections from (46) are
In terms of the quantities h 1,2 , the one-loop improved couplings of the Higgs fields to the bottom and top quark are rewritten as, omitting the global factors outside the curly brackets in Eq. (46),
The function C H , which appears in the one-loop corrections to the small tree-level trilinear Higgs couplings (51), also has a simple expression in terms of h 2 , given by
We perform a random parameter sampling for the SUSY parameters in the following ranges: 500 GeV ≤m i ≤ 5 TeV, withm i being the squark, slepton or gaugino masses, and 500 GeV is used. We remark that not all points allowed in the parameter scan are physical, since vacuum stability requirements do not allow large A terms relative to the scale of the SUSY particle masses.
Let us first study the case of positive µ, where ǫ b is preferentially positive, so that y b is reduced by the one-loop correction. In Figure 5 we show h 1 (left) and h 2 (right) versus ǫ t and ǫ b , respectively, for both signs ofÃ t (positive in the upper plots, negative in the lower ones). For positive µ, the value of tan β does not significantly change the shape of the scatter plot, and hence has been fixed to tan β = 35. The typical size of the effective couplings is a few percent. Values of |h 2 | range up to 0.1, which implies that the one-loop induced coupling may exceed the tan β-suppressed tree coupling for values of tan β as small as 10. In comparison, h 1 , which originates only from kinetic mixing, tends to be significantly smaller. Thus, the Higgs sector correction h 2 competes in size with the "wrong-Higgs" Yukawa coupling ǫ b even for large values of M A , and is in fact the dominant one-loop correction to thebbh 0 Yukawa interaction. Some general features that can be observed in Figure 5 , or extracted from the analytic expressions are: i/ In the assumed range of SUSY parameters, the sign of ǫ b (ǫ t ) is correlated (anticorrelated) with the sign of µ, since the gluino contribution (first term in (21)) dominates and the function J 3 is always negative. The term proportional to A t can overcome the gluino contribution and change the sign of ǫ b only for negative A t in the parameter-space region where | A t |/µ 2 is much larger than 1/M 3 . Similarly, large negative A b can make ǫ t positive, when y
ii/ Since ǫ b cannot reach large negative values, there is no significant enhancement of the bottom Yukawa coupling from the large-tan β resummation. The numerical effect of the terms proportional to y 2 b A b is therefore small compared to those proportional to y 2 t A t . We verified that the scatter plots for negative A b are similar to the ones with positive A b shown in Figure 5 .
iii/ Larger values of |ǫ t | (|ǫ b |) tend to be correlated with larger values of |h 1 | (|h 2 |).
However, there is no strict relation, since the dominant contribution to the "wrongHiggs" Yukawa couplings is proportional to the gluino mass, while those to the Higgs-sector couplings involve the A terms.
iv/ The largest contribution to h 1 is given by the term proportional to A t in (11) . However, the sign of h 1 is not determined uniquely by the sign of A t due to the gaugino term proportional to g 2 2 , which is always positive (the function H 2 is positive) and can become comparable to the A t term in some regions of the parameter space.
v/ In most of the explored parameter space the sign of h 2 is opposite to the sign of A t . Since the δλ 7 term in the definition (55) of h 2 is the larger of the two, we have sgn(h 2 ) = −sgn(δλ 7 ). The relation sgn(δλ 7 ) = sgn( A t ) can be understood as follows: neglecting the smaller terms involving gauge couplings, Eq. (16) for δλ 7 contains the terms
proportional to powers of A t . The first term has the same sign as A t , since J 2 is always negative, while the second term has opposite sign, since K 2 is positive. Defining the ratio
/m 2Q , we find that r(x) is monotonically increasing, satisfying 1.6 < r(x) < 169 when 1/100 < x < 100 as allowed by our parameter-space sampling. The third term in (58) can compete with the first only if ( A t /mQ) 2 > r(x). For x = 1 this relation requires large A terms, ( A t /mQ) 2 > 6, which are disfavoured by vacuum stability arguments. We also note that the largest gaugino term in δλ 7 (the one proportional to g Let us now turn to the case sgn(µ) = −1. The most important difference is that the negative sign of the µ parameter flips the sign of ǫ b to negative values (and the one of ǫ t to positive values), which leads to a strong increase of the bottom and τ Yukawa coupling, when ǫ b cancels the 1/ tan β term in (45). The validity of a perturbative expansion is in doubt when the Yukawa couplings become too large. In the parameter space sampling for negative µ, we therefore only keep points that satisfy 0 < y b,τ < 2.
The dependence of the Higgs sector correction h 2 versus ǫ b , for three representative values of tan β = 10, 35, 60, M A = 200 GeV, and all other SUSY parameters scanned randomly in the above intervals is shown Figure 6 . The perturbativity cut on y b has a strong effect, since it eliminates points with large negative values ǫ b given a value of tan β. The value of ǫ b at which this happens can be estimated by ǫ b tan β ≈ −0.5, which gives −ǫ b ≈ 0.05, 0.014, 0.008 for tan β = 10, 35, 60, respectively, in agreement with the figures. At these points we observe a rapid increase of |h 2 | driven by the term
in (16) , which gives a contribution to h 2 ∼ −δλ 7 with sign opposite to A b . Point i/ discussed above also applies to the case of negative µ taking into the account the reversed signs of ǫ b,t . Finally, Figure 7 shows the the Higgs correction h 1 versus ǫ t for tan β = 10, 35, 60. Compared to the case of positive µ, the sign of A b has now a relevant effect, especially for larger values of tan β, due to the contribution of the A b term in z 12 . However, the growth with y b is less pronounced than in case of h 2 , since h 1 does not contain terms proportional to y 
Summary
This paper has been motivated by previous work [3] that systematically investigated the resummation of SUSY QCD large-tan β effects in the decoupling limit, where the standard model particles and Higgs scalars remain light, but which did not consider electroweak effects. We performed a complete one-loop matching of the MSSM to a twoHiggs doublet model for all couplings that are absent or suppressed in the MSSM with large tan β, keeping all contributions that are tan β-enhanced relative to the suppressed tree terms. This includes complete expressions for the kinetic mixing and Higgs self couplings δλ 5−7 , which have not been given previously. Our result confirms, as expected, that a resummation of large-tan β effects to arbitrary loop order is necessary only for the bottom and tau Yukawa couplings, if the bottom and tau mass are used as parameters of the MSSM. It clarifies a point left open in [3] , namely how the renormalization of tan β affects this resummation. We find that the standard expression for the resummed Yukawa coupling is valid in renormalization schemes where the counterterms (shifts) of tan β and the vacuum expectation value v d do not receive large-tan β contributions. In other schemes, a finite counterterm must be explicitly included in the resummation formula.
Besides the known "wrong-Higgs" Yukawa couplings, all other Higgs-sector effects that feed into the Yukawa couplings by modifying the definition of the physical Higgs fields at one loop can be parameterized in terms of two couplings h 1 , h 2 dominated by kinetic mixing and the Higgs self-coupling δλ 7 , respectively. The same h 2 also enters the effective trilinear Higgs couplings. Our numerical study suggests that, where present, the Higgs-sector effect h 2 is more important than the "wrong-Higgs" Yukawa couplings, and we identified the dominant SUSY parameter dependences. Our result extends and corrects a previous result [7] that included the kinetic-mixing effect, but not the one from the one-loop induced Higgs couplings.
Although obtained in the decoupling limit, the effective one-loop couplings derived in this paper should be useful to obtain simple analytic estimates of the leading quantum corrections to those Yukawa and Higgs trilinear interactions, that are suppressed at tree-level, such as thebbh 0 coupling.
